With regard to alcohol consumption, subjects were asked whether they were current or ex-drinkers, or had never drunk alcohol. Current drinkers were further asked about their drinking frequency, the type of beverage usually consumed, and the total amount drunk on a single occasion. The frequency of alcohol drinking was divided into four categories: less than once a week, once or twice a week, three or four times a week, and almost every day. For the beverage types usually consumed, subjects were asked to choose from five types (sake=rice wine, shochu=white spirits, beer, whisky and wine). However, the drinking frequency and amount consumed on a single occasion of each alcoholic beverage were not asked. The total amount consumed on a single occasion was converted by respondents into the corresponding equivalent of sake expressed as the traditional unit of go (1 go of sake = 180 mL, containing 22.8 g ethanol). In practice, the questionnaire presented the amount of alcoholic beverage which contained the same quantity of ethanol as 1 go of sake, and the subjects referred to this when recording the total amount consumed on a single occasion.
Follow-up
The vital and residential status of the subjects was followed up to December 31, 1999 by collation with residential registration in the various municipalities. Causes of death were ascertained from death certificates, which were coded according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10).
Of the 46,465 original male cohort members, 1,557 subjects in two study areas were excluded because the questionnaire used in these districts did not include an item on drinking frequency. A further 4,412 subjects in four areas were also excluded because the questionnaire used there did not include an item on the amount of alcoholic beverage consumed on a single occasion, and a further 6,009 subjects in six areas were excluded because questions about past history of cancer and/or the frequency of consumption of green leafy vegetables, oranges, or fruit other than oranges were not included in the questionnaire used there.
Alcohol and Lung Cancer Mortality
Although alcohol is a risk factor for several sites of cancer, 1 its relationship with lung cancer is still controversial. Recently, Bandera reviewed epidemiologic studies on alcohol consumption and lung cancer that presented smoking-adjusted risk estimates, and concluded that there might be an increased risk of lung cancer associated with drinking alcohol. 2 On the other hand, a metaanalysis of the relationship between alcohol consumption and lung cancer risk by Korte presented a smoking-adjusted excess risk of lung cancer only in the very high alcohol consumption category (ethanol consumption was ≥2,000 g per month). 3 These authors concluded that the results should be interpreted with caution due to the possibility that there was residual confounding in this group of subjects, and few studies have presented data on subjects who consumed 2,000+ g ethanol per month. Many of the previous studies on alcohol and lung cancer had problems with the methodology, including insufficient control for potential confounding factors such as smoking and dietary variables, and inappropriate grouping of subjects who had never drunk alcohol and ex-drinkers into a single referent category. Furthermore, most previous studies were conducted in Western countries, where the type of alcohol consumed and other drinking habits are quite different to those in Japan. In addition, individuals with the atypical allele of the aldehyde dehydrogenase 2 (ALDH2) gene, which results in inactive ALDH2 activity, bringing about a high blood concentration of acetaldehyde, the initial metabolite of alcohol, are prevalent in the Japanese population. 4 Acetaldehyde has been shown to be carcinogenic in experimental animals, 5 and therefore Japanese people may have a different susceptibility to lung cancer than Westerners.
This study was undertaken to examine the association between alcohol consumption and lung cancer mortality in a large Japanese cohort, with control for confounding factors and the separation of subjects who had never consumed alcohol from exdrinkers.
Study Cohort
The methodology of the baseline survey and follow-up in the JACC study, Japan Collaborative Cohort Study for Evaluation of Cancer Risk Sponsored by Monbusho (the Ministry of Education, Science, Sports and Culture of Japan) has been described in detail elsewhere. 6 In brief, the established cohort members comprised 110,792 inhabitants (aged 40-79 years) of 45 study areas throughout Japan (46,465 men and 64,327 women). In most areas, individuals were selected from participants in municipal health checkups, and in other areas from whole populations or voluntary groups. Between 1988 and 1990, the individuals completed a selfadministered questionnaire containing questions on medical history and lifestyle factors such as smoking, alcohol consumption, diet, physical activity and reproductive history. This study was approved by the Ethical Board of Nagoya University School of Medicine.
2,000+, and ex-smokers into five categories according to how long they had stopped smoking: 0-4, 5-9, 10-14, 15-19 and 20+ years; these indices of smoking history were included in the model as dummy variables. The HR was also calculated with further adjustment for the frequency of consumption of green-leafy vegetables (1-2 times/week or less, 3-4 times/week, and almost every day), oranges and fruit other than oranges (1-2 times/month or less, 1-2 times/week, and 3-4 times/week or more), because a higher frequency of intake of green-leafy vegetables, oranges and fruit other than oranges was associated with a significant reduction in lung cancer mortality among males in this cohort 8 . Additionally, in order to examine the effect of including cases already diagnosed as lung cancer before the baseline survey, the HR was calculated after excluding cases that died in the first 5 years of follow-up. To assess effect modification by smoking, stratified analysis was conducted according to smoking status. Table 1 shows the baseline characteristics of subjects according to the level of alcohol consumption. The relative proportions of current drinkers, ex-drinkers and subjects who had never drunk alcohol were 73.1%, 6.8% and 20.0%, respectively. As alcohol consumption increased, the prevalence of individuals who had never smoked and those who ate vegetables and fruit every day tended to decrease. Among ex-drinkers, the prevalence of a history of stroke, myocardial infarction, liver disease and diabetes was higher than in the other groups.
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Current drinkers (ethanol intake)
All Subjects Never drinkers Ever drinkers ≤24.9 g/day 25.0-49.9 g/day ≥50.0 g/day Ex-drinkers Number of subjects 28 Finally, 27 subjects who reported a history of lung cancer in the questionnaire and 5,924 subjects with incomplete information about their drinking or smoking habits were also excluded. Consequently, the number of subjects evaluated in this study was 28, 536 . No analysis was conducted of female cohort members because their prevalence of daily drinking was low (4.7%).
The number of person-years of follow-up was calculated for each subject from the month of entry into the study until the month of death from any cause, the month of emigration outside the study area, or December 1999, whichever occurred first. A total of 268,464 person-years were accumulated and 377 lung cancer deaths (ICD-10=C34) were documented. A total of 883 subjects (3.1%) moving out of the study area during the follow-up period were identified from the residential registration; these individuals have been treated as censored cases.
Statistical Analysis
Hazard ratios (HR) of lung cancer mortality in ex-and current drinkers compared with subjects who had never drunk alcohol was calculated, using the Cox proportional hazards regression model, employing the SAS ® PHREG procedure. 7 HRs were adjusted for age, smoking and family history of lung cancer. Current drinkers were subdivided into three categories according to their daily ethanol consumption calculated from the baseline data, and the HR for each category was also assessed. In order to adjust for smoking status, current smokers were divided into six categories using the Brinkman Index (the number of cigarettes smoked per day multiplied by the number of years of smoking) as 1-399, 400-799, 800-1,199, 1,200-1,599, 1,600-1,999, and
No positive association between alcohol consumption and death from lung cancer was found in this large cohort of Japanese men, and the results were not modified by smoking status.
Alcohol is an established risk factor for several sites of cancer, and several potential biological mechanisms by which alcohol could increase cancer risk have been proposed, such as the carcinogenic effect of acetaldehyde and a reduction in the detoxification capacity of liver enzymes that metabolize carcinogens. 9 However, results from previous prospective studies [10] [11] [12] [13] [14] [15] [16] [17] [18] and casecontrol studies [19] [20] [21] [22] [23] [24] [25] [26] [27] investigating the relationship between alcohol consumption and risk of lung cancer with adjustment for smoking status were not consistent. Several prospective [10] [11] [12] and case-control [19] [20] [21] [22] studies showed an increased risk of lung cancer with alcohol consumption, and one case-control study presented only the risk stratified by smoking status and indicated an increased risk in heavy smokers. 23 However, other studies failed to show any elevated risk of lung cancer with alcohol consumption. [13] [14] [15] [16] [17] [18] [24] [25] [26] [27] This inconsistency in results may be due to differences in the methodology used in the studies. Confounding by dietary variables and definition of reference category of alcohol consumption are important issues, in addition to residual confounding by smoking and misclassification of alcohol consumption. Certain dietary facAlcohol and Lung Cancer Mortality Table 2 presents the HR of lung cancer for drinkers compared with subjects who had never drunk alcohol. There was no association between current alcohol consumption and risk of lung cancer. After adjustment for age, smoking and family history of lung cancer, the HRs (95% confidence interval [CI]) were 0.81 (0.61-1.07) for those drinking <25.0 g ethanol per day, 0.82 (0.61-1.11) for those drinking 25.0-49.9 g per day, and 0.97 (0.66-1.43) for those drinking 50.0 g or more per day. The risk of lung cancer was also calculated for those drinking 66.7+ g per day (2,000+ g per month), and there was no clear risk elevation (HR=1.09, 95% CI=0.73-1.62). In contrast, the HR of lung cancer increased for ex-drinkers (HR=1.39, 95% CI=0.98-1.96). After further adjustment for the frequency of consumption of green-leafy vegetables, oranges and fruit other than oranges, the result did not change materially. The analysis was repeated after excluding cases that died in the first 5 years of follow-up; the HR for current drinkers was slightly elevated, but alcohol consumption was still not related to increased lung cancer mortality.
When stratified analysis according to smoking habits was performed, there was no significantly increased risk of lung cancer associated with current alcohol consumption, regardless of smoking status (Table 3 ). However, due to the small number of subjects in most categories, the statistical power of this analysis was limited.
Never drinkers Ever drinkers
Current drinkers (ethanol intake) ≤24.9 g/day 25.0-49.9 g/day ≥50.0 g/day Ex-drinkers P for trend 1 P for trend 2 : P for trend among current drinkers. The test for linear trends includes never drinkers. : P for trend among current drinkers. The test for linear trends excudes never drinkers. 95% confidence intervals in parentheses.
Current drinkers (ethanol intake) this cohort, 71.5% of current drinkers consumed sake (rice wine), and 52.1% consumed beer. To our knowledge, the effect of sake on lung cancer has not been investigated in previous studies, so that it is not clear whether the fact that approximately two-thirds of current drinkers in this cohort usually consumed sake affected the results of this study. There were relatively few drinkers who consumed beverages with a high ethanol concentration, such as whisky and shochu. The proportion of whisky drinkers and shochu drinkers was 17.8% and 19.0%, respectively. A recent prospective study suggested that wine has a protective effect against lung cancer, 12 although the proportion of wine drinkers in the present cohort was low (2.7%), and so the effect of wine consumption in this study would have been small. Death from lung cancer was used as the end point, and this may have affected the results of this study for the following reasons: first, some of the subjects may have suffered from lung cancer at the baseline survey and changed their alcohol consumption due to the disease. However, the HR for current drinkers compared with those who had never drunk did not change materially after excluding cases who died in the first 5 years of follow-up. Second, lung cancer cases were only censored at the time of death, so that the impact of alcohol on the prognosis may have been reflected on the result. However, since the survival rate of patients with lung cancer was low, 31 the association between alcohol consumption and risk of lung cancer may not be distorted substantially.
Alcohol consumption at baseline was used as the marker of alcohol exposure, and past alcohol consumption was not considered. Therefore, evaluation of exposure at a single time point may have diluted the true effect of alcohol on lung cancer. However, duration of alcohol consumption, another important indicator of alcohol exposure, was not associated with lung cancer mortality (data not shown).
In conclusion, this JACC study found no association between alcohol intake and death from lung cancer. The results do not support the hypothesis that there is a relationship between alcohol intake and increased risk of lung cancer.
The authors express their sincere appreciation to Dr. Kunio Aoki, Professor Emeritus, Nagoya University School of Medicine and former chairman of the JACC Study Group, and to Dr. Haruo Sugano, former Director of the Cancer Institute of the Japanese Foundation for Cancer Research, who greatly contributed to the initiation of this study.
The present members of the JACC Study Group and their affiliations are as follows: Dr. Akiko Tamakoshi (present chairman of the group), Nagoya University Graduate School of Medicine; Dr. Mitsuru Mori, Sapporo Medical University School of Medicine; Dr. Yutaka Motohashi, Akita University School of Medicine; Dr. Ichiro Tsuji, Tohoku University Graduate School of Medicine; Dr. Yosikazu Nakamura, Jichi Medical School; Dr. Hiroyasu Iso, Alcohol and Lung Cancer Mortality tors, especially fruit and vegetables, represent one possible factor that has consistently been shown to protect against lung cancer, 1 and several investigations showed that the intake of fruit, vegetable, or related antioxidants was different according to drinking habits. [28] [29] [30] However, only five studies have examined the risk adjusted for consumption of these foods or related antioxidants. 15, 16, 20, 23, 26 In addition, ex-drinkers should be separated from those who have never drunk alcohol, and only the latter should be considered as the reference group, because ex-drinkers may quit drinking due to the effects of pre-clinical symptoms of lung cancer and thus show a higher incidence of lung cancer or mortality than those who have never drunk. Therefore, the use of nondrinkers, including both ex-drinkers and those who have never drunk alcohol, as the reference group may underestimate the effect of alcohol. However, only four of the previous studies separated ex-drinkers from subjects who had never drunk as the reference group. 14, 20, 22, 25 The present study had some merits compared with previous investigations that examined the relationship between alcohol and risk of lung cancer. This was a prospective study, so that various potential biases inherent in case-control studies were avoided. Adjustments were made for fruit and vegetable intake as potential confounding factors. Ex-drinkers were separated from subjects who had never drunk, and it was therefore possible to estimate the risk for drinkers compared with life-long abstainers. Adjustment for smoking history was performed not only for current smokers according to the amount and duration of smoking, but also for exsmokers by recording the length of time they had stopped smoking.
The increase in lung cancer mortality in ex-drinkers found in this study may be due to inclusion of subjects who stopped drinking due to pre-clinical symptoms of lung cancer. However, after excluding cases who died in the first 5 years of follow-up, the overall results did not change. Ex-drinkers had different characteristics, such as a history of disease, from subjects who had never drunk, however, the HR for ex-drinkers did not change materially even after adjustment for a history of disease such as stroke, myocardial infarction, liver disease and diabetes (data not shown). Residual confounding by unknown factors could have contributed to the results. As no positive association between alcohol consumption and lung cancer mortality was observed in current drinkers, it is unlikely that a history of heavy drinking was the cause of an increase in lung cancer mortality in ex-drinkers.
The effect of alcohol consumption on lung cancer may differ according to the type of beverage consumed. Among previous studies investigating the effects of several different types of beverage, some reported an increased risk of lung cancer associated with the consumption of beer, 20, 23 hard liquor, 11, 26 or both. 12 The present study did not investigate the association between any particular type of alcoholic beverage and lung cancer mortality because the questionnaire asked subjects about all types of alcoholic beverage consumed by selection from five types, but did not allow quantification of the amount of each beverage consumed. In
